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Jan 603069, 6MHNI 30350, 8o603T 3M6XV,
®JN0JdM 1530, doLodM 8MmNardéM,

bLOBMAN 65398TMmO, GOLRYM §OJJI3FY,
NM3N3d&3I NM6IJImo, 30&M3N 3NSSLIJN
Q5 BGISM3T MM353N

3ILNJOT I INIMORMBO3N RYGONIIR(N
30R0R-LNB3NG®NOBN OAHOL3IBOXR(
dMa3MeI6&NL 4QJ3NL 3NMEM3NIAN 33dd6NBAN

9dandg

odoobolb Lodd3mbonddy Azgb N335 33dmbws Lamdato, MMA Lbgowsl-
bgo @Monommo 3mmogmbogda, oo dImGol JoGoggmo dmmogmbos ©d
a0bbb3zo390mmo gmbogy®o Fnbogsmamo 0bbEMMIg6Egd0L gmgFopmds
dg0(393L 9M5L3gbs domam bobJoM0sb godMomgdam 3m33mbgb@L (HFC),
mdgmo 903G gds 30830560L L3gbamdol bamabbl megobo 33390mMow©
30dmbs@mo dgMygmdoom; ngo 3030bsmgmdl dozMmm Mmom 0b@gmgsem-
do, ssbmmagdoo doemnbyggymbogddo.

394Mbmdoc s msbodgmmgg Lodgbogfm doamdsl, Aggb smdmgs-
Robgm, ™3 Gommo LEONIG ML 3MsLIgbon domam LobdoMosbo 3m3-
3mbgb@gdn 058039396 b6goMmbaml §306d0 o Fnbogomym dagmal Meg-
A 3m3GMOGmb bosb dmbdgbobmgal. Rzgb o3 ggbm3dgbl ,3039Memg-
Momdob 9539J@&0" 39bmwgdo.

0335 3999M 3393905, M) MMamE 35Ms04dbgdnsb 3bdgbgmabomgals
smbogdgm gmgMomdae oMabdgbswn doms Lobdomnsbo 3m33mbybE gda.
F396 d93dgmom a39h3969306s, M3 3ogMal 30dMo(300ba56 Bocdmddboema
060bdgbown Fomambobdomnsbn 3m33mbgb@gda omngdgdashb sGs Lbdgboomn
LobBY3nL oby yyGal 3gd3gmdom, 5Md3gE asM3zgeemoa dgamdbgdoms 3g-
4960930l dogm, HmIgmoa(y gobmagbgdmmos Lbgymolb Dgosdnmdy. Bobsd-
oMy dmblbgbgdsdo hz9b LEMMgE 93 g Omgddy dg3hgMmgdaom.

1. 3gbsgz5ma

bbgowabbgs @Moozommo 3mmogmbogda, dsm dmEal JoGmmo 3m-
mogmbos s 3obbbgeggdmmoa gombogy®a Lo gomu@n oblbEGMdgbGgdol
0 9MomMds 3g0(393L Mobdgbow domam LobdoMosb gndMmamgdame 3m33m-
696@L (HFC), dm3gma(z 90gds@gds s@adnsbal bdgbomdal bamabbl me-
30b0 33390600 gsdmbs@yymo dgfygmdom, Moz F0dobsMgmdl dozMm
Mmoo 0b@gfMgomdn, ©osbmmgdoo doemobginbmgdda. 8dalb dgbobgd
33Jmbos Lamdatn Babs LEd3MbayIdy.

053589000 30dm3z5hnbgom, MM sMLEGS(30MbaMmmmo gmgMaomds dgo-
(393L oo LobdoMosbo 3mM33mbgb@gdol dgMygmdol 360d3bgmmaab Ms-
MEgbmdal, s5d@&nncgdl G3060L Gblasl, Mo DML ®o30L Jomada
5 Gomodnbdn Lobbmol dodmdgzgzoLb (TCBF); 360d3bgmmgbae sdawmmgdl
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99d&MMgb39Bommamadol dymanl smazs 3m33mbgb@al bobdomgl, My
Losdm36900L Y3oMzggmgbo 3shz969d9mans; 83539 EOHML sdxmMdgLadL 0dvy-
b gnbgioolb NK-sb Rsmgmoom, Gmdgmoi bodbogbol s LEMgLAL go-
dm363930 3mMIMbgdals Bobssmdwga sbEmmgdl domogmol g3mb500b; byl
MBymdL gmgFomdol dg@&o Losdmgzgbgdom omddsl s abgm J3939L, MHm3-
mab mmbsig 3b3gbgmn YInsmme gaggds gmgHomdal 3MIGmEEmm
L3gboom EMbgL. 53sb B39 gMbmEydo ,303gMgmgMan 9539J&L” (Oohashi et
al. 1991; 2000;2001; Yagi et al,2002,2003,2003a).

53obmob 303gMgmgMown gugd@n oMol Bgbmdgbn, Mmdgmon(y dgoMme
13933000908 500530560L BIgboo FNbY(300L s dgosegLb Whzgmmm mgo-
LydgdL. Fso dmMal ©s30s6gddn (3bmdamns, Mm3 L3gbomo LobEGgdal
3096 gmgMomdae o6 30ddgds 3s96Mal 306Ms(300b bobdomg 20 35963y
bg3000. gb oogbo gs3m3sbss, o Mmam®m amdbmdl sbgma domamn
LobdoMol 30dMs(300L vd30sba.

03 33mg3sdn R3gb g3ommdm gobgbodmgmmm, dgadmgds o) oMo o3
39bm3gbal sbbBs dbmmme 3ogMal gsd@emn LIgboma bgFzmma Lobdg-
dom, o) bagoMms asbgobommor o9l o6 g5d@oMoa, 56 bbgs dommmao-
a0 Lob@gdgdolb Rommzgal god@mmgda. 93 30obbobmzal Rzgb asgysgom
3039690 gMoo 9539J@&0b 3m3(3930 gmgMon bystim ™ 3m33mbyb@sc:
L3gbown Esdsemn LobdoMab 3MB3mbgbdn (pbg; low frequency component -
LFC) o 965b3gbs0 domama LobdomMalb 3m33mbgb@on (3bg; High frequency
component - HFC) (Oohashi et a. 2000). 85306 Gmzs sdsemo LobdomMob
3mM33mbgb@on Bomdmgaanbgm 3ogmal asd@omn L3dgboma LobGgdom, do-
maemn bobdomal 3m33mbgbgo ghm@Mmymaw aym bomdmmagbomo 3og-
&0l go3@ocn bdgbomo LabBgdobs s dmgmo Lbgymal Dgosdamdy. hzgbL
®0bsdgMmggmdado bLbgswabbgs smddoma Lob@gdgdo (3oms 3sgfab god-
&ofo LIgbomo LobEGgdnbos) dgodmgds 5MLYdmMdEL. SoMmdomaw, dggoms-
g0 LEYmo YmgMomds (bLEmo grgmomds 50l adsemn s domsmo
Lobdomal 3M33Mby6Egdal gHmEEMMMO MbssMLdMAS) s @sdsma bab-
dofnl 3m33mbgb@gdn. 3300 3o asgssbomadgm, aym oy oM Mo0dg aob-
bbgaggds 53 Lbgoabbgs dwamdsmgmdadn 3ymazn 3n3gMymgMamdol ga3qd-
&ob a03mgmagbsl dmEnb. babs 33mggzedn godmgagmabgom 303gMgmgMawo
998994E0L Mo gsobLbzoggdmma aobbdmBnmgds: 1. EEG-0b bL3mbEsbyco gbo-
Jommaonmo go6dmdamgds, Mmdgmoag 0ygbgdlb 3mEmEGe@onm IMsgsem jo-
Bomnob &gmadg@@me Lob@gdal; s 2. J(3930L 3obdmdamagds (Oohashi et
a. 2001;. Yagi et a, 2002, 2003, 2003a) CLL-%g; B39b6 o3065bgm, Gm3
3039690 gMo00 gB9JdG0 96 aym dgdm@sbommon, Mmzs domamo bobdomal
3M33mbgbBn dgmhgznom nym Bamdmeaqgbomo 3sgMal gsd3@em Ldgboo Lob-
$9q3530, doamod bomdmeagbomo ogm 85306, Gms domamoa bobdamals
3M33mbgb@on Lobgbg aym dogem LbgymDy s dgozegEs mogl, dogmad
353mM03bagos yumgdlb. gb Lomemo smdmbgbs 538 30(390L, HMI 5oLAY-
bowon domsma LobdoGal 3m33mbgb@o, Mmdgmai ndmgzs 3n3gMymgfo
995948, sxddsns Lbgymal badygsmgdom, Mo gobobbzaggdl dob Lagm-
39mmome domgdamo 3s960b asd@omo bdgbomoa Lolbdgdabgsb.
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2. 94L39603d76@mo Igomea

bogobo. EEG ©o J3930L 94b3960396@9ddn xob3Momgmo ns3mbgema
dmbEomo Imbsmobggdo dmbobamgmdbgb. nbgm@dszns 9dLb3gcHndgbE)-
do 3mbsbomgoms dgbobgd (3mbs(3939d0, Lgbo s sbszn) dm(zgdmmos ©ab-
336000 3mbsgzgmdn. BgMommdomn ®ebbdmds mommgnmo domgsbobgsb
94L3960396@)0b obYygdsdy 0gbs smgdmma. 94L3gFMndgb@gdo GoMmydm-
5 gomogolb 3m3nggob o gLogmmmaoyn® dgibogMgdoms gMmgbmmao
0bbB0BYGL dogfm domgdymo s 3G 30(390Mmo bmMIgdal wso3300.
®00mgen 3mbsbomaglb 3gmbos 5 Bgmdg dg@n bgaszmgbs domamo Lobdo-
0L 3m3I3mMbyb@gdoc dawsmn Lo smn@n 0blb@Mdgb@gdobs, Hmdmy-
d0(3 893m0nygbgdms, GmamM(3 grgmasomdal Bysmm.

g0gmdo doboms s bab@gdal Rzgbgds. ymgMomdal dob@odnmo-
M909mo 0gm  GEo@aonmo asdgmsebal 3m33mdozns ,Gambang Kuta“
(6ol 39bdmmagdn, 0bmbgbns), Mm3gmos dosta oym domsmoa Lob-
doggdal ogamdnbsazgdo 3gMygmdoo s 3@ 0(39dmos, Mmd dgo393L
303969 gfsmdol 95394@L. do-3obsmufo gmgfmoomdab h396930L Lob-
&9gds (Oohashi et a 2000; 2001; Yagi et al, 2002) godm3g0ygbgor gmgGomm-
dob bEEdPmamgdabogol (L. 1). as8mgnygbgm bDgws ©s Jzgms Lobdo-
9900b gom@co 22 KHz LobdoMmgms go0833900bmsb ghmam o ©o39s-
300 bogbsmal bystm sdamoa bobdomal L3gboom 3MI3MbYbBO© s SMab-
3960 domoma  LobdoMol 3M33Mbgb@ow; sdsbmab gogsdmogmgm mnmm-
gmo domgsbo (30m-(30m39. gb Logbsmgdo BaMm3mmagbomo oym gfMoro-
o 96 (3om-(39mm3g Mg3mHmEd@mmal ob Ldgbomo s3oGo@ 0l d53-
39Md0m. gmgMomdol bystimbs s do-3sobsmymo gmgmomdal Lob@gdab
(Authentic Signal Disc ARHS9002 and Authentic Hypersonic Sound System,
Action Research Co., Ltd., Tokyo, Japan) bd¢qb@o L3gEogags smbgMomoas
dmmasdo (Yagi et al, 2002).

LobEgdob Mg3mENIEmENmo 3M33Mbgb@gdn asbmagbgdmma oym swo-
30060b yF9d00056 asbemmagdom 2 3g@Mal sdmMgdoo. 94b3gMH0dgb@adn
dmbabomggdo 0ygbgdwbgb L3g30omNMa (3g33900m) ©3DoEYdYMmO Y-
obobdgbo domndgdal gomgdg. dotig3abs o doMmzbgbs (mMogg) yyMor-
Lob3gbo dgo(zo3ms 30dMMgdol a53mdbgg3 MM bgmbabymb; ghmo ©sdsma
Lobdomol 3m33mbgbBobmgol s dgmeg domama LobdoMolb 3M33mbgb@nb-
»g0b. by@oma. 2 g30h39693L d030bsmmGn grmgMaomdolb bolb@gdabasb do-
0gdgmo 3ogcob Mgoma@o 30dMa300L bLodmogHol ©0s3sbdmbl, MHmdgmoa s
RobgMomons dogMmgmboo g4L3gMndgb@dn dmbsbomyg ssdnsbol dgde-
9mdoasb. 200 6530560 3bogol gMegdgb@olb Ladmogmal Ladmsmm ©o-
335dmbon, Mm3gema(z godmygbgdmmo ngm g4b39M0dgb@do asdmmazmoaen og-
bo gMogl Rdofn aofM©eddbol sbsmaboo (FFT). g4b3g60dgb@ol 3963
96035 Imbsbomgd Lohydobasb 396 dgdmm aogMhos Jomoma bobdoMab
3M33mbgb@al sMbgdmds.

ooomgamo EEG ©s J3930L 94b3960896@0 dgozogms 4 J39- 94L3gn-
396@L: o) sdomn o domamo Lobdomal 3M33MbgbBgdn bomdmuagbamao
0ym M3360HmEYd@mmgdom; 8) sdsmo s domama bobdoMol 3m33mbgbd)g-
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b0 Bom3meg gboemo ngm yummbsebdgbgdoom; g) odsmn bobdomMal 3m33mbygb-
&0 bom3mmagbormo ogm yu@obabdgbom, domamon, 3o — Mg3ameyJ@m-
0m; ©) Eadso bobdoMab 3M33MbgbGo yyMmobaoldgboom; domama Lobdnfmals
3M33mbgbBgdo 30 — My3MMEYdGMM0m, JogMad gmgmomdals bandmme-
o™ dsbamom, Mo bgmb ¢dmoes domamo bobdocol 3m33mbybEgdals
Lbgnmbg bgaegmgbsb. yzgmes g4b3gMndgb@do LEMma gmgMemdol Lob-
&q30bs (FRS; ob¢) @odomo ©s damamo LobdoMob 3m33mbgb@gdal gMoc-
B9mds) s sdsmo bobdoMob 3mI3mMbgbE@nb mMo damdstgmds dgge-
OMgm geHm3dbgmb. goblsgnmmgdnmo ynMopmgds 3003ymMgl dmbsboemg-
9835, M3 gdds(3 obIMIBMEE 0L Mog0056 S(30mgdal dgobogFagds gsdm-
0dgmogbgl.

EEG-ab 356%m3nmgds. EEG RsbgmMom 0dbs @gmagdg@mnmo Lob@gdom
12 Lo0BoEsb; LagMmsdmEmabm 10-20 LobEgdol dobgogom, gs3mgoygbgm
6ol aombob gmgd@Mmmgdol s gumngb oMo goMmsegdbol sbomabal
(FFT) gogdofo. Ladgomm bLoddmogmal 3300Me@0lb ggmdg, mommgmma
9m9d@cmeal dgdstgmdol 10.0-13.—3gMiob Lobdomob smgomdn, oym
a33mmgmomo, Gmam@s 9d3035mgb& o dgbodmgdmmds dJmogomn Bys-
b 3gmeg Rsbsbgmdn Immagbgdyma EEG-0bogol. dmbs(393900, dm3mag-
dnmo 7 gmgd@mmeonst (3968 nmo-brmaob-mjbododomymo dmboosb
(C3, C4, T5, Pz, T6, O1, 02), aosbsmoadgdmmos bobyobo bystrmb s EEG-
ol 3mobom; 30bodbymo dgzo05Mgm M damdamgmdsal: bEnmo gmgMs-
mdal (FRS) s @sdsmo Lobdomol 3m33mbgb@L (LFC). 08358 gd0m Labyab
Byosmdn 2, (33momgdgdo LEYMm PrgHomdobs ©d ©sdsma bobdamals
3M33mbgb@L dmMal sbggg dgnsbgdam ndbs ggMewn 3MbGNEgdalb 3Jmby
boDgdolb Myz0m, GMIgmoi 09gbgdws 2,565 dm@MmsGm@mL mabgameyma
0b@gM3mma3000 s gdbEMa3memosznno (Duffy et a.,1979; Ueno and
Matsuoka, 1976), Go3 mog0lb dbGog gi3dbgds Z-39530Lgdsb. 0gn god8mog-
mOm0s M0omgae gmgd@cmmedn Lsbyobo dgmeg Byscmb LoddmsogmMal
mEBgOHGnmmzgabo dg306nbdnfMgdooab.

CLL-ob g3dmogms. 03039 4 439-94L3960396@0 RoBomems CLL-ob
a0dmbomgmgma, Moz EEG-ab dgdmbggzeda. 3oMggem (30030, g4b3gca-
396@&0b dmbsobomyggdn ¢b3gbbgb gmgMowmmdals dab@odnmamgdgmlb dm-
Lob3gbo 3mba(300@sb. dg3gan bado (30l 3563s3mmMdadn ImbsBomggdl
3obmggm, mego dogmmm 3smmzol 3mIgmEmGnmo dgmdsmgmds dm-
Lobdgbo s a9dmgygbgdobom ©abLEGSb(30YMn JoMmgol 3ymEo gowsom-
»30b Mganme@mMom, Mo sbMmgdos Logbomab mMbol g53s3mbE)-
Bmgdgm gbdosl dgabemmgdgmbs s godsdmogmgdgmb dmeob.
Logboemalb dgbobgd, Gmss obabo gbowseggdmwbgb dmbdgbol ©mByL, dm-
bobomgl sGobsnmn godyomy@n 56 dgamdbgdomn 0bgmmdszns o dng-
bmegdmes.  gobsmufo (300b ©OHML, mommgmo dmbsbomyg 1bdgbos
03 (339 g gMdoEmdsl, Mmdgmoi mozs0 dgombos babs (300b ©MMU.
dmbobdgbn @mbg 0bdmM3gdmms, Gmaméz A-3589a3mM0al gmgmopmdab
a0dmbs@zs 66g30L gPmgnmgdol §33030mgb@MMa onLEYmgdmmdom
(Laeq), dm3gemog 0ygbgdlb 0b@gamomgdnm gmgmomdsb. ©mby, Gmdg-
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o 300dm3s gobosmum Imbabdgh (3edn s Fogbowsas GgMdnbydl
(Laeq) aobbomymos, Gmamés CLL. bLEs@abEogyco dggsbgds dgmas
bygomo LEYY6EJdaL t-EgbEob aodmygbgdom ©s gdysmgdmes LEYma
gogmsomdobs (FRS) s ©sdsmo Lobdomal 3m33mbgb@ ol (LFC) (soem-
(39039 dgamgdasb.

3. 39m333%0.
EEG 3dbL39/0d96@n. Mmmagbsay dmbobamggdobasmgal (5 3sds3s(30, 7

Jomo)  Mg36mEn]&mcgdol Ladsmgdom dgmagadgdamo aym mMogg —
3dsmo bobdoMobs s domaemn Lobdofalb 3mMm33mbgb@gda (69 LEMmo
gogfomds FRS), Lsbyobo EEG-L Loddmaghg nym 360d3bgmmgbow ©o-
0, 09) 393505530 3d5mo bobdofmolb 3MI3mbgbdL (3om3g, Mo gobad-
&30390b 303gMgmgFomdol 9539J&0b godmgmabgdsl (L. 3a dom(3bbog
©d dodo).

MmEgbs gogfomds bamdmeagbamo oym yumobsabdgbgdol Lad«s-
mgdom by yedg (6 353535330, 9 Jomn), sMsbsnma asbbbgsggds LEmm
g gfomdabs (FRS) o ©sdsmo Lobdomol 3m33mbgb@L (LFC) dmals
Lobyolb EEG-3n o6 d90603690mms (Lbm@. 3b 8o (36603 o d45dn). Mmeaqba(s
adsmo bobdoMob 3m33mbgbEo BaMd3mmagbomn oym yumombabdgbgdoom,
bognm dosmo Lobdomal 3m33mbgb@n Mgdmmey&mmam (7 3535 35(30
8 Jomo), Lobynbo Loddmogmg oym YPG™M oo LEYMO PYogMoEmdobsl,
300009 ©3ds3mn Lobdofmolb 3M33Mbgb@ ol MML, gmgMaomdol hggbgdal
deremm 3g@omedo (by@. 3C 3636603 o dMadn). dgmeyg bMog, HmEgby(s
3dmbasbomal Lbgymo ogm moz0byGsmo Mg3mmeyd@mmgddo asdsgsmao
domomo bobdoMab 3m33mbgbB ol bgaegzmababasb, Mss gmgMomdal ©sd-
bdmda dobomoo donmbgmes (5 353535330 @ 8 Joemo), Lobyobo EEG-ab
dbatemds LEYmo FmgMomdabsl mgemdobs(3gd3s ©ogdzgomgdaymoa aym
(bye. 3 € do(3bbog o dMadan). gb 3mbs(39d0 Bomamgdl, Gm3 303gMymyg-
o0 9539d&0 hbpgds dbmmme 35306, Mm@aLsaz domamo bobdomals 3m3-
3mbgb@o Bomdmmagbomas Lbgmmal o6/s 330L Dgwednmdy

d3930b 393960336@0. CLL-0b J3930L Labdm3o ngm @ebdbzgoma EEG
94b3960896@)0bs. AmEgbsz Mgy odsmo bobdofmob s domsma Lob-
domob 3m33mbgb@gdo bom3mmagbomo aym yu@mbsldgbgdom (5 30ds 3o-
30, 5 Joma) (byy@. 3a docg3bog), o6 GmEgLyy edsmma Lobdofmol 3ma-
3mbgb@n dgmogodgdmmo ogm 3dmbobomggdobsmgzgol yumobabdgbgdoo,
beaenm domamo bobdofol 3m33mbgb@ o Mg3mmmnd@mmgdoo (5 3535 3s-
30 ©5 5 Jomo) (byye. 3¢ Fofmxgbng), Imbobommggdo Mdnomme gbowsag-
dmEbgb gmgMomdsl, mamm dg@o 3mIgmOEGmmdoo LEMm gogMe-
©mdal dgmogodgdabobl, gy ©sdsmoa LobdoGal 3m33mbgb@ ol (3omm3g
Bomdmeaqbobol. dmbsbomggdo gbowseggdmwbgb bLEMmo gmgHomdal ©s
3dsmo Lobdofmolb 3m33mbgb@ol sbommaon L3gboo ©mMbalb dobdEedl
(39m-(39m3g, OmMEgLy ©dsmo s domsmo bLobdoMab 3mM3I3mMbgbE gda
bom3mmagbomo oym yu@mmbsbdgbgdol Lodmsmgdom (3 888535330, 6 Jo-
mo) (b, 3b doMgsbog). bmemm 85306, GmEs @odsmo s domamn
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Lobdomob 3mM33Mby6@Ggdo boMm3mmagbomos ynEmmbabdgbgdom s Mg3Hm-
o d&mmgdom, dgbodsdobsw, dmbsbomggdo megabyygombo 0yzbgb dome-
mo LobdoFol 3m33mbgb@G ol Dgasgmgbabasb (4 35353530 @S & Joemo,) o
CLL-da(3 3botmds LOmo gmgmoomdobsl 360d369mm3bsw @obdmmao
oym (L. 3d domgzbog).

4. a5bbamgs

3596M0b a03@ om0 Ldgboma LobEgdol gomMms, 303gGygmaMawn gugd@ab
353m363930 domemgomo 394560930l dgbBagmoabsl, 3oMggm Mogda, gsb-
gobomogm, Lbgs dommmaonmo LobEgdgdolb osGLgdmMdol dgbodmgdmmdsb.
h396 3930dmbIgor 303gMymgMan 9x89J@&0b 30dmdbggsn bbgaabbzs doam-
dofgmds, Loz edsmo s damama bobdoMal 3mM33mMbyb@gdo oym Bom-
dmeagbomoa LEYm Lbgnmdy o6 dgmhgz00 yuEmbabdgbgdol bLodmseemg-
doo. dgegase godmgmabes, MHm3 303gMmygmgmsmn gxgJ80 o6 Rbogds,
MmEgbsg domamo LobdoMal 3m33mbgb@n bomdmeagbamoas dgMmhgzom 3o-
960L gsd3@omn bL3gboomo LobEgdadn, dogMad ogn Lobgdgs 35306, Gm(gs
doomo bobdomal 3m33mbgb@o Bomdmmagbomos dmgmb Lbgymbdg s
dmo(303L moglb s gedmnbogh yu@gdb. gb sxdmhgbs dognbodbgdl, Mmd
3039670 gMo00 9839d@&0 3e0bogds dbmmme 35306 MmEgbsig 36 3ogmals
353&oM0 bgMgmo Lob@gds, sMsdgm bbgs asdmyzzmgsgn Lonbgm@mdszom
oMbgdos g00@0nMgdmmo.

PET-ob g08myqbgdoor (Oohashi et a. 2000;) EEG-obs s rCBF—b
gfommmo Rsbobgma g30h39698L, MM 7 gmgd@mmeowsb RsBgmoema
Lobynbo 2 3m33mMbgb@n (396G dyMaol mdbodo@omn@ dmbada (C3,
C4, T5, Pz, T6, O1 s O2) ©s Lodgomme o3 Labyobo 2 gmgd@Hmeal
300533900l dgbodmgdmmds, Gmdmagdag o3 94b3gcn396@83dn asdmnyqby-
dmbgb Mmame(z 303gMymgmMomdalb gbogmmmann®o dsRz969dmgdo, M-
096 m 353306dns §3060L mEaobml IMdomdobmab s dgozegh 3ndm@e-
ma3LL, mogol @g0bols bobgzambggMmb asmbL (precuneus), ddmobBnbs
»930L B3060L Jgedb (prefrontal cortex) s Bobs LomEymabgdym BsBoemb
(anterior cingulate gyrus). mosgol &3060b gb dBmbgdo dgn(30396 9M®3sbgmo-
Logob goblbbgoggdmm bgoMmbam xanxgdl, Goi 063936 megolb Bg0bal
bbgoabbgs 63Bnmdn 3mbmsadnbgManmem s m3omon® s3mxM]39390L ©s
R396L Bnge gobboemmmo 56056 ByoMmbacnm@on Jugmal Logwdzmow (Role
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selectively to the air-conducting auditory system, but was induced when the HFC
was presented to the entire body surface, including the head but excluding the ears.
This finding suggests that the emergence of the hypersonic effect can be observed
only when some unknown information channel, not the air-conducting auditory ner-
vous system, is activated.

By the simultaneous recordings of EEG and rCBF using PET(Oohashi et al.
2000)it was shown that the alpha 2 component recorded from 7 electrodes in the
central and parieto-occipital regions (C3, C4, T5, Pz, T6, O1, and O2) and the aver-
aged alpha 2 potential across these electrodes, which were used as a physiological
index for the hypersonic effect in this experiment, were correlated significantly with
the activity of the fundamental brain network including the upper brainstem (mid-
brain), hypothalamus, thalamus, precuneus, prefrontal cortex, and anterior cingulate
gyrus. Thesebrain areas, containing distinct neuronal groupsthat are the major source
of the monoaminergic projections and opioid projectionsto various parts of the brain
(Role and Kelly,1991), are considered as the reward-generating neuronal network.
Stimulation of these regions introduces pleasurable sensations and strongly controls
human behavior (Thomson,1988).

CLL was used as a measure of the perception of subtle differencesin sound qual-
ity that may not be consciously recognizable or may not otherwise be easily expressed
by the subjects (Cullari and Semanchick, 1989; Namba and Kuwano 1998). The
basic strategy of this measurement is that subjects tend to receive preferable stimulus
at a greater magnitude. It is conceivable, therefore, that the increased or decreased
CLL observed in the present study may reflect change in approaching behaviors in-
troduced by the activation or deactivation of the reward-generating system situated in
the deep-lying brain structure. This explanation dovetails well with the results of the
EEG experiment.

Based on the findings of the present study, it was revealed that the inaudible
HFC whichisrichly contained in the traditional polyphony is perceived through the
body surface and increase the pleasure sensation of music by strongly activating
the fundamental brain network. These results al so support our previously proposed
model, the two-dimensional sound perception model, in which inaudible HFC modu-
late brain functions by activating the fundamental brain network via some non-
auditory pathways when presented concurrently with audible LFC, thus evoking
the hypersonic effect.
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Figure 1.The experimental setup employed for this study.
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Figure 2. Averaged power spectra of the various sound materials calculated for
the entire period of the sound presentation.
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Figure 3. Electroencephal ographic activity and listening level adjusted by the sub

jects during different experimental conditions.
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